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Abstract: The vertical snow samples collected from 6 locations (Iou-zen: 800m A.M.S.L; the nearest site 
from the Sea of Japan, Kongoudou-zan: 1300m, Nishi-Hodaka-Dake: 2200m; the Northern Japan Alps, 
Hachimori-yama: 2100m, Kiriga-mine: 2000m, Yatsuga-take: 2200m; the most inlying site) in the central 
mountainous area, Japan, during early spring season 2004, were analyzed for size-separated concentrations 
of water-insoluble particles in snow layers to investigation of long-range transportation of chemical 
substances from the Asian continent to high mountainous areas in Japan.  
 Most of particles are less than 30 Pm in diameter, the greater part of particles observed at the 6 locations 
were considered to be transported from the Asian continent sources as Asian dust (KOSA).  The variation 
patterns of the vertical profiles of particle concentrations in snow layers were corresponding among each 
location. The concentrations of particles with less than 30 Pm was gradually increased with increasing 
distance from the Sea of Japan to the Japan Alps, although, sharply-decreased at 3 sites located the 
monsoon-leeward of the Japan Alps, suggesting that the particles transported with monsoon were gradually 
removed from air and deposited in snow cover when the air parcel pass through the Japan Alps.  
Key words: snow, mountainous area, particle, KOSA, long-range transportation 
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േߪ㧘ᄢ᳇ൻቇ߿᳇୥ᄌേߥߤߩⷰὐ߆ࠄⅣႺߣᷓ
޿㑐ࠊࠅ߇޽ࠆߣ⠨߃ࠄࠇ㧘ᣣᧄࠍߪߓ߼ߣߔࠆർ
᧲ࠕࠫࠕ࿾ၞߩⅣႺࠍ⹏ଔߔࠆ਄ߢᵈ⋡ߐࠇࠆޕ
 㤛⍾ࠍߪߓ߼ߣߔࠆᄢ᳇ਛߩ☸ሶߦ㑐ߔࠆ⎇ⓥߪ
᭽ޘߥⷞὐ߆ࠄⴕࠊࠇߡ޿ࠆ߇㧘ᧄ⎇ⓥߢߪ㧘ർࠕ
࡞ࡊࠬࠍߪߓ߼ߣߔࠆਛㇱጊጪ࿾ၞߩⓍ㔐ߦ฽߹ࠇ
ࠆ☸ሶߦ⌕⋡ߒߚޕਛㇱጊጪ࿾ၞߪ౻ቄࡕࡦࠬ࡯ࡦ
ߩᓇ㗀ߦࠃࠆ਎⇇⊛ߥ⽕㔐࿾ߢ޽ࠅ㧘Ⓧ㔐ߪૐ᷷ߩ
ⅣႺਅ㧘ᤐవ߹ߢ⸃ߌࠆߎߣߥߊ଻ሽߐࠇࠆ[1]ޕߘ
ߩⓍ㔐ጀߦߪ㧘౻ቄߩᢙࡩ᦬㑆ߦࠊߚࠆ㒠᳓߿ᄢ᳇
ߦ㑐ߔࠆᖱႎ߇࿾㕙߆ࠄ⴫㕙ߦ߆ߌߡᤨ♽೉⊛ߦ⸥
㍳ߐࠇߡ߅ࠅ[2, 3]㧘ߘߩਛߦߪ㔐ߣߣ߽ߦⓍ߽ߞߚ
ᄢ᳇ਛߩ☸ሶ߽฽߹ࠇߡ޿ࠆޕ߹ߚ㧘౻ቄߦߪࡕࡦ
ࠬ࡯ࡦߩᓇ㗀ߦࠃࠅ㧘ࠕࠫࠕᄢ㒽߆ࠄߩ᭽ޘߥൻቇ
‛⾰ߩ㐳〒㔌ャㅍ߇Ⴧടߔࠆߎߣ߇⍮ࠄࠇߡ߅ࠅ㧘
ߘߩਛߦߪ㤛⍾ߛߌߢߪߥߊ㧘⎫㉄ࠗࠝࡦ㧔SO42-㧕
ߩࠃ߁ߥⅣႺᳪᨴ‛⾰߽ᄙߊ฽߹ࠇߡ޿ࠆ[4-6]ޕ๟
࿐ߦᄢⷙᮨߥੱὑ⊛ᳪᨴḮ߇ሽ࿷ߒߥ޿ጊጪ࿾ߪ㧘
ߎ߁ߒߚࠕࠫࠕᄢ㒽߆ࠄߩ‛⾰ャㅍ⁁ᴫࠍ᷹ⷰߔࠆ
਄ߢ߽ᅢㆡߥⅣႺߣ޿߃ࠃ߁ޕ
 ਛㇱጊጪ࿾ၞߦ߅ߌࠆ☸ሶߩ᷹ⷰߪ㧘ߎࠇ߹ߢߦ
߽ർࠕ࡞ࡊࠬ┙ጊ๟ㄝࠍਛᔃߦⴕࠊࠇߡ߈ߚ[7-9]ޕ
ߒ߆ߒ㧘ࡕࡦࠬ࡯ࡦߦࠃߞߡㆇ߫ࠇߚ☸ሶ߇ർࠕ࡞
ࡊࠬߩጊ⣂ࠍ⿧߃㧘ᣣᧄߩౝ㒽ㇱ߳ߣャㅍߐࠇࠆㆊ
⒟ߢ㧘ฦ࿾ߦߤߩ⒟ᐲߩ㊂߇ㆇ߫ࠇߡ޿ࠆߩ߆ߣ޿
߁੐ߪ᣿ࠄ߆ߢߪߥ޿ޕߎߩࠃ߁ߥ⢛᥊߆ࠄ㧘╩⠪
ࠄߪ 2003/04 ᐕ౻ቄߦ㧘ർࠕ࡞ࡊࠬ๟ㄝߢߩ☸ሶャ
ㅍ⁁ᴫࠍ⺞ߴࠆߚ߼ߩⓍ㔐⺞ᩏࠍⴕߞߚޕ⺞ᩏߩ▸
࿐ߪ㧘ᣣᧄᶏߩᶏጯ✢ઃㄭ߆ࠄർ⷏ධ᧲ߣ޿߁ቄ▵
㘑ߩ⚻〝ߦᴪߞߡ㧘150 kmએ਄ߪߥࠇߚౝ㒽ㇱߩ౎
ࡩጪߦ෸ࠎߛޕߎߩ᷹✢਄ߦ૏⟎ߔࠆ 6ߟߩ࿾ὐߢ㧘
߶߷หᤨᦼߩⓍ㔐ਛߦ฽߹ࠇࠆ㕖ṁ⸃ᕈ☸ሶᢙࠍ⸘
᷹ߒ㧘࿾ၞ⊛ߥಽᏓ⁁ᴫࠍ᣿ࠄ߆ߦߔࠆߣߣ߽ߦ㧘
ౝ㒽ㇱ߳ߩ‛⾰ャㅍ⁁ᴫࠍᬌ⸛ߒߚޕ
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 2004ᐕ2㨪3᦬ߦ㧘ᣣᧄᶏߦㄭ޿ක₺ጊ߆ࠄർࠕ࡞
ࡊࠬࠍᮮᢿߒߡ౎ࡩጪߦ⥋ࠆ⚂150 kmߦࠊߚࠆർ⷏
-ධ᧲ᣇะߩ᷹✢ߦᴪ߁㧘એਅߩ6࿾ὐ㧔Fig. 1㧕ߦ߅
޿ߡⓍ㔐ߩ⁁ᘒࠍ᷹ⷰߒ㧘⹜ᢱណขࠍⴕߞߚޕ 
a) ࠗࠝ࠶ࠢࠬࠕࡠ࡯ࠩࠬࠠ࡯႐਄ㇱ: ᶏᛮ 800 m㧘
Ⓧ㔐ᷓ255 cm㧘2᦬19ᣣណขޕએਅޟක₺ጊޠߣ⸥ㅀ
ߔࠆޕ 
b) ࠬࡁ࡯ࡃ࡟࡯೑⾐ࠬࠠ࡯႐਄ㇱ: ᶏᛮ 1300 m㧘Ⓧ
㔐ᷓ 360 cm㧘3᦬8ᣣណขޕએਅޟ㊄೰ၴጊޠޕ 
c) ᣂⓄ㜞ࡠ࡯ࡊ࠙ࠛ࡯ጊ㗂㚞: ᶏᛮ2200 m㧘Ⓧ㔐ᷓ 
309 cm㧘3᦬22ᣣណขޕએਅޟ⷏Ⓞ㜞ጪޠޕ 
d) ାᎺ㊁㤈ጼࠬࠠ࡯႐਄ㇱ: ᶏᛮ 2100 m㧘Ⓧ㔐ᷓ 
106 cm㧘3᦬29ᣣណขޕએਅޟ㋬⋓ጊޠޕ 
e) 㣔ጊࠬࠠ࡯႐਄ㇱ: ᶏᛮ 2000 m㧘Ⓧ㔐ᷓ 88cm㧘
3᦬25ᣣណขޕએਅޟ㔵ࡩፄޠޕ 
f) ౎ࡩጪ࡮❋ᨗጊ: ᶏᛮ 2200 m㧘Ⓧ㔐ᷓ 79 cm㧘3
᦬15ᣣណขޕએਅޟ౎ࡩጪޠޕ 
 ߎࠇࠄߩ࿾ὐߢߪ㧘ߥࠆߴߊߘߩ࿾ၞߩⓍ㔐ᷓࠍ
ઍ⴫ߔࠆߣᕁࠊࠇࠆᐔမߥ႐ᚲߢ㧘߆ߟ๟࿐ߩ᮸
ᧁ࡮ᑪㅧ‛࡮ੱߩଚ౉ߦࠃࠆᡬੂ߇ή޿ߣ್ᢿߐࠇ
ࠆ႐ᚲࠍㆬࠎߢ᷹ⷰ࡮⹜ᢱណขࠍⴕߞߚޕ 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
  Ⓧ㔐ߩ᷹ⷰߣ⹜ᢱណข
 ฦ࿾ὐߢߪ㧘Ⓧ㔐⴫㕙߆ࠄ࿾㕙ߦ㆐ߔࠆ㔐წࠍ૞
ᚑߒ㧘ߘߩო㕙ࠍⓍ㔐ጀߩᐨ೉߇ੂࠇߥ޿ࠃ߁ߦᢛ
ᒻߒߡ㧘Ⓧ㔐ߩ⁁ᘒ㧔㔐⾰࡮ᳪࠇጀߩ᦭ή㧕ߩⷰኤ
ߣ⹜ᢱណขࠍⴕߞߚޕ 
 ⹜ᢱណขߩ㓙ߦߪ㧘࿾㕙߆ࠄⓍ㔐⴫㕙߹ߢቢోߦ
ㅪ⛯ߔࠆࠃ߁ 3㨪2 cmߏߣߦࡉࡠ࠶ࠢ⁁ߩ㔐ࠍಾࠅ
಴ߒߚޕߎࠇࠄߩ⹜ᢱߪ߭ߣߟߕߟࡐ࡝ⴼߦኒኽߒ㧘
᷷ᐲ਄᣹ߦࠃߞߡᓸ↢‛߇❥ᱺߒߥ޿ࠃ߁㔖ਅߦ଻
಄ߒߡᜬߜᏫࠅ㧘-20͠ߩૐ᷷ᐶߦ଻▤ߒߚᓟ㧘᷹ቯ
⋥೨ߦⲢ⸃ߐߖߚޕ 

  ☸ሶᢙ᷹ቯ
☸ሶᢙߩ᷹ቯߪ㧘᷹ቯਛߦⓨ᳇ਛߩႲ߿၎߇ᷙ౉
ߔࠆߩࠍ㒐ߋߚ߼㧘ࠢ࡝࡯ࡦ࡞࡯ࡓౝߢⴕߞߚޕ 
ૐ᷷ᐶߢ଻▤ߒߡ߅޿ߚⓍ㔐⹜ᢱࠍⲢ⸃ߐߖ㧘200 
mlߩࡐ࡝↉ߦ⒖ߒᦧ߃ߚᓟߦࠃߊᝄࠅᷙߗ㧘⹜ᢱਛ
ߩ☸ሶࠍలಽߦᡬᜈߐߖߚޕᡬᜈᓟ㧘ߔߋߦࡑࠗࠢ
ࡠࡇࡍ࠶࠻ߢ 10 ml ⸘㊂ߒ㧘⌀ⓨࡐࡦࡊࠍ↪޿ߚỹ
ㆊⵝ⟎ࠍ↪޿ߡỹㆊߒߚޕ૶↪ߒߚࡑࠗࠢࡠࡇࡍ࠶
࠻ౝߦ☸ሶ߇ᱷࠄߥ޿ࠃ߁㧘⹜ᢱࠍ⸘㊂ߒߚᓟ㧘⫳
⇐᳓ߢࡑࠗࠢࡠࡇࡍ࠶࠻ౝࠍᵞᵺߒ㧘ᵞᵺ᳓߽หᤨ
ߦỹㆊߒߚޕỹ⚕ߪ Membrane Filters (Toyo Roshi 
Kaisha, Ltd.)ࠍ૶↪ߒߚޕߎߩỹ⚕ߩ⋥ᓘߪ 47 mm㧘
☸ሶ଻ᜬ⢻ߪ 0.1 Pmߢ޽ࠆޕ߹ߚ㧘ỹㆊㇱಽߩ⋥ᓘ
ߪ 35 mm㧘㕙Ⓧߪ⚂ 1000 mm2ߢ޽ࠆޕ⹜ᢱࠍỹㆊߒ
ක₺ጊ䎏 䎛䎓䎓䏐
㊄೰ၴጊ䎏 䎔䎖䎓䎓䏐
⷏Ⓞ㜞ጪ䎏䎃䎕䎕䎓䎓䏐
㋬⋓ጊ䎏䎃䎕䎔䎓䎓䏐 ౎䮽ጪ䎏䎃䎕䎕䎓䎓䏐
㔵䮽ፄ䎏 䎕䎓䎓䎓䏐
ንጊ⋵
㐳㊁⋵
ጘ㒂⋵
ᣣᧄᶏ
⍹Ꮉ⋵
Fig. 1 ᷹ⷰ࡮⹜ᢱណข࿾ὐ 
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ߚỹ⚕ߪࡇࡦ࠮࠶࠻ߢขࠅ಴ߒ㧘ࡊ࡜ࠬ࠴࠶ࠢࠤ࡯
ࠬߦ౉ࠇߡ㧘☸ሶᢙ⸘᷹߹ߢߩ㑆㧘࠺ࠪࠤ࡯࠲ౝߢ
଻▤ߒߚޕ 
ỹ⚕ߦ᝝ᝒߐࠇߚ⹜ᢱਛߩ㕖ṁ⸃ᕈ☸ሶߩ☸ሶᢙ
⸘᷹ߪ஍శ㗼ᓸ㏜㧔Optiphot-pol, Nikon㧕ࠍ↪޿㧘10
10୚ߩ୚₸ߢ⋡ⷞ⸘᷹ߦࠃߞߡⴕߞߚޕ㗼ᓸ㏜ߩ
ធ⌒࡟ࡦ࠭਄ߦ޽ࠆ 0.851.20 mm㧔㕙Ⓧ: 1.02 mm2㧕
ߩᨒߩਛߦሽ࿷ߔࠆ☸ሶᢙࠍ㧘߭ߣߟߩ⹜ᢱߦߟ߈
10▎ᚲ᷹ቯߒ㧘ߘߩᐔဋ୯ࠍߘߩ⹜ᢱߩઍ⴫୯ߣߒ
ߚޕ߹ߚ㧘ធ⌒࡟ࡦ࠭਄ߦߪ 1⋡⋓ 10 Pmߩࠬࠤ࡯
࡞߇޽ࠆޕ☸ሶᢙࠍ⸘᷹ߔࠆ㓙ߎߩࠬࠤ࡯࡞ࠍ߽ߣ
ߦ㧘☸ሶࠍ 10 Pmᧂḩ㧘10㨪20 Pmᧂḩ㧘20㨪30 Pm
ᧂḩ㧘30㨪40 Pmᧂḩ㧘40㨪50 Pmᧂḩ㧘50㨪60 Pm
ᧂḩ㧘60 Pmએ਄ߩ 7Ბ㓏ߦಽ㘃ߒߚޕ⸘᷹ߢ߈ࠆ
ᦨዊ☸ᓘߪ߅ࠃߘ 0.5 Pmߢ޽ࠆޕ 

 ⚿ᨐߣ⠨ኤ

Ⓧ㔐ߩ⁁ᘒ
Fig. 2ߦฦ࿾ὐߩⓍ㔐ߩ⁁ᘒࠍ࿑␜ߒߚޕක₺ጊߩ
᷹ⷰߪ 2 ᦬ߦⴕߞߚ߇㧘ᮡ㜞߇ૐ޿ߚ߼ߦ㧘Ⲣ⸃᳓
ߦࠃߞߡᒻᚑߐࠇߚޟߑࠄ߼ࠁ߈ޠߩጀ߇⴫㕙ઃㄭ
ߣ࿾㕙ઃㄭߦ޽ߞߚޕߒ߆ߒ㧘ਛ㑆ㇱߪ߶߷㧘Ⲣ⸃
߇ή߆ߞߚߎߣࠍ␜ߔޟߒ߹ࠅࠁ߈ޠጀߢ޽ߞߚޕ
ౝ㒽ㇱߦ૏⟎ߔࠆ㊄೰ၴጊߣ⷏Ⓞ㜞ጪߢߪ㧘ᄢㇱಽ
ߪޟߒ߹ࠅࠁ߈ޠ߿ޟߎߒ߽ߑࠄ߼ࠁ߈ޠ╬ߩ㧘Ⲣ
⸃߇ή߆ߞߚߎߣࠍ␜ߔ㔐⾰ߢ޽ߞߚޕ߹ߚ㧘ߐࠄ
ߦౝ㒽ㇱߦ૏⟎ߔࠆ㋬⋓ጊ߆ࠄ౎ࡩጪߦ߆ߌߡߪ㧘
ᄢㇱಽ߇ޟߒ߽ߑࠄ߼ࠁ߈ޠߣ๭߫ࠇࠆ㧘㔮⁁ߩ᭴
ㅧࠍᜬߟⓍ㔐߇․ᓽ⊛ߢ޽ߞߚޕߎ߁ߒߚޟߒ߽ߑ
ࠄ߼ࠁ߈ޠߪਥߦ㧘㔖ᐲࠍᄢ߈ߊਅ࿁ࠆ᳇᷷ߩⅣႺ
ਅߢᒻᚑߐࠇࠆ႐ว߇ᄙߊ㧘Ⓧ㔐ጀߩⲢ⸃߇᦭ߞߚ
ߣߪ⠨߃ߦߊ޿ޕߎߩࠃ߁ߦ㧘ᧄ⎇ⓥߢ⹜ᢱࠍណข
ߒߚฦ࿾ὐߢߪ㧘Ⓧ㔐߇ోጀߦࠊߚߞߡⲢ⸃ߒߚߎ
ߣࠍ␜ߔ∥〔ߪߥߊ㧘ᴉ⌕ߒߚ☸ሶ߇Ⲣ⸃᳓ߦࠃࠅ
ᵞ޿ᵹߐࠇߕߦ଻ሽߐࠇߡ޿ߚߣ⠨߃ࠄࠇࠆޕ 
߹ߚ㧘㊄೰ၴጊ࡮⷏Ⓞ㜞ጪ࡮㋬⋓ጊ࡮㔵ࡩፄߦ߅
޿ߡߪ㧘⋡ⷞߢ᷹ⷰߔࠆߎߣ߇ߢ߈ߚᳪࠇጀ㧔๟࿐
ߩⓍ㔐ጀߣセߴߡᥧ޿⦡⺞ߩㇱಽ㧕ߩ૏⟎ࠍ࿑ਛߦ
⸥౉ߒߚޕߎࠇࠄߩᳪࠇጀߪ㧘㤛⍾ߥߤߩ☸ሶ߇ᄙ
ߊ㘧᧪ߒߚ㓙ߦᒻᚑߐࠇ㧘Ⓧ㔐ਛߦ଻ሽߐࠇߡ޿ߚ
߽ߩߢ޽ࠆߣ⠨߃ࠄࠇࠆޕ 
 
Ⓧ㔐ਛߩ☸ሶᢙ 
ฦ࿾ὐⓍ㔐ߦ߅ߌࠆ㧘☸ᓘ೎☸ሶᢙߩ㋦⋥ࡊࡠࡈ
ࠔࠗ࡞ࠍ Fig. 3 ߦ␜ߔޕߎࠇࠄߩ߁ߜ㧘ක₺ጊߩ 0
㨪12 cm࡮117㨪120 cm㧘㊄೰ၴጊߩ 0㨪6 cm࡮327㨪
337 cm࡮345㨪351 cm㧘⷏Ⓞ㜞ጪߩ 0㨪6 cm࡮300㨪309 
cm㧘㋬⋓ጊߩ 72㨪74 cm࡮92㨪94 cm㧘㔵ࡩፄߩ 0㨪2 
cm㧘౎ࡩጪߩ 0㨪5 cmߪ㧘☸ሶᢙ᷹ቯߦᔅⷐߣߔࠆ
లಽߥ⹜ᢱ㊂߇⏕଻ߢ߈ߥ߆ߞߚߚ߼㧘ᰳ᷹ߒߚޕ
߹ߚ㧘㔵ࡩፄߩ 54㨪58 cmߢߪᬀ‛ ߇ᄙߊ฽߹ࠇ
ߡ޿ߚߚ߼㧘☸ᓘ 60Pmᧂḩߩ☸ሶᢙࠍ⸘᷹ߔࠆߎ
ߣߢ߈ߥ߆ߞߚ߇㧘60Pm એ਄ߩ☸ሶᢙߣߒߡ㧘ߎ
ࠇࠄߩᬀ‛ ߽฽߼ߚ☸ሶᢙࠍ⸘᷹ߒߚޕ 
 ☸ሶᢙߩ㋦⋥ࡊࡠࡈࠔࠗ࡞ߪ㧘ጀߦࠃߞߡᢙ 10㨪
ᢙ 1000୚ߦ෸߱Ꮕ߇޽ࠅ㧘৻౻ߩ㑆ߦ߈ࠊߛߞߡ㜞
ߊߥࠆࡇ࡯ࠢ߇ࠬࡄࠗࠢ⁁ߦ⷗ࠄࠇߚޕ☸ᓘ೎ߦ⷗
ࠆߣ㧘߶߷ోߡߩ࿾ὐߦ߅޿ߡ㧘10Pm ᧂḩߩ☸ሶ
ᢙ߇࿶ୟ⊛ߦᄙߊ㧘⛯޿ߡ 20㨪30Pm ᧂḩ㧘10㨪
20Pmᧂḩߩ☸ሶᢙ߇㜞޿୯ࠍ␜ߒߚޕ 
 㤛⍾☸ሶߩ☸ᓘߪ⋥ᓘ 1.0㨪30Pmߩ▸࿐ߦಽᏓ 
Fig. 2 Ⓧ㔐ߩ᭴ㅧ࿑ 
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Fig. 3 ☸ሶᢙߩ㋦⋥ࡊࡠࡈࠔࠗ࡞㧔☸ᓘ೎㧕 
 Totalߩฝ┵ߦ޽ࠆ⍫ශߪ㧘ᳪࠇጀߩ૏⟎ࠍ␜ߔޕ
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255
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106
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88
88
88
88
88
88
88
79
79
79
79
79
79
79
79
0 50000 0 50000 0 50000 0 50000 0 50000 0 50000
0 2000 0 2000 0 2000 0 2000 0 2000 0 2000
0 1000 0 1000 0 1000 0 1000 0 1000 0 1000
0 500 0 500 0 500 0 500 0 500 0 500
0 200 0 200 0 200 0 200 0 200 0 200
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߹฽ߦਛ㔐Ⓧޕ]01[޿ᄙ߽ᦨ߇ᓘ☸ߩㄭઃ mP4㧘ߒ
ߚߞ޽ߢᓘ☸ߩਅએmP03 ߇ಽㇱᄢߩሶ☸ߚ޿ߡࠇ
ߎߟᜬߦḮ⿠ࠍ⍾㤛ߪߊᄙߩሶ☸ߩࠄࠇߎ㧘ߪߣߎ
ࡈࡠࡊ⋥㋦ߔ␜ࠍ㊂✚ߩਛ3 .giFޕࠆ޿ߡߒໂ␜ࠍߣ
߃⠨ߣߚࠇߐᚑᒻߦ㓙ߚߒ᧪㘧߇⍾㤛㧘ߪߦ࡞ࠗࠔ
ጀࠇᳪߩࠄࠇߎ㧘߇ߚߒ౉⸥߽⟎૏ߩጀࠇᳪࠆࠇࠄ
ߎߚߒ߁ߎޕߔ␜ࠍ⥌৻޿ࠃߪࠢ࡯ࡇߩᢙሶ☸㧘ߣ
ㅍャߊᄙ߇⍾㤛ߩࠄ߆㒽ᄢࠅࠃߦઙ᧦⽎᳇㧘ࠄ߆ߣ
ߚࠇߐᚑᒻ߇ࠢ࡯ࡇࠆߥߊᄙ߇ᢙሶ☸㧘ߦᤨߚࠇߐ
᷹ⷰ߇ጀࠇᳪߡߞࠃߦⷞ⋡㧘ߒ߆ߒޕࠆࠇࠄ߃⠨ߣ
ࠄ⷗߇ࠢ࡯ࡇߩᢙሶ☸㧘߽ߡߞ޽ߢጀߚߞ߆ߥࠇߐ
 ޕߚߞ߆ᄙ߽ว႐ࠆࠇ
ᧂ mP03㧘ߪሶ☸ߟᜬࠍᓘ☸ߩ਄એ mP03㧘ᣇ৻ 
ᶏᧄᣣ㧘ߚ߹ޕߚߞ߆ߥዋߦᏱ㕖ߡߴセߣሶ☸ߩḩ
ߡ⷗ࠄ߆ࠬࡊ࡞ࠕർ㧘ߒ⟎૏ߦ㒽ౝ਄એmk 001 ࠅࠃ
ࡩ౎࡮ፄࡩ㔵࡮ጊ⋓㋬ࠆߚ޽ߦ஥ਅ㘑ߩࡦ࡯ࠬࡦࡕ
࡮ጊ₺ක㧔ὐ࿾ 3 ߩ஥਄㘑㧘ߪߡ޿߅ߦὐ࿾ 3 ߩጪ
ᓘ☸ߩ਄એmP03 ߡߒセᲧߣ㧕ጪ㜞Ⓞ⷏࡮ጊၴ೰㊄
ࠆߔ⟎૏ߦ஥ਅ㘑ޕߚࠇߐ᷹ⷰߊᄙ߇ᢙሶ☸ߟᜬࠍ
セᲧࠄࠇߎޕ޿ߥዋ߇㊂㔐Ⓧߦ⥸৻ߪၞ࿾ߩㇱ㒽ౝ
〒ㄭ߇ߤߥሶ☸ფ࿯ߩḮ⿠ర࿾㧘ߪሶ☸ߩᓘ☸ᄢ⊛
 ޕࠆࠇࠄ߃⠨ߣࠆ޽ߢߩ߽ߚ߈ߡࠇߐㅍャࠍ㔌

 ᔕኻߩ࡞ࠗࠔࡈࡠࡊᢙሶ☸ߩߢ㑆ὐ࿾
࠲ࡄߩ࡞ࠗࠔࡈࡠࡊ⋥㋦ߩᢙሶ☸ࠆߌ߅ߦਛ㔐Ⓧ 
ߩ߽޿ߥߪߢߌࠊࠆߔ⥌৻ߦోቢߢ㑆ὐ࿾㧘ߪࡦ࡯
㧘ߪଥ㑐ᔕኻߩߎޕߚࠇࠄ⷗߇ଥ㑐ᔕኻߩቯ৻㧘ߩ
ߞ޽ߢ⪺㗼ߦ․ߡ޿߅ߦ࡞ࠗࠔࡈࡠࡊߩḩᧂ mP01
ฦ㧘ߡ޿߅ߦ࡞ࠗࠔࡈࡠࡊߩᢙሶ☸✚㧘ߦ4 .giFޕߚ
ߟߢ✢ࠍ㧕⟲㧔ࠢ࡯ࡇࠆࠇࠊᕁߣࠆߔᔕኻߢ㑆ὐ࿾
ሽṁ㧘ߡ޿ߟߦᢱ⹜㔐Ⓧߓหޕߚߒ␜ࠍߩ߽ߛ޿ߥ
ࠇ߹฽ߦ㔐Ⓧ㧘߫ࠇࠃߦ]11[ⓥ⎇ߚߒ᷹⸘ࠍᚑ⚵ቇൻ
ᔕኻߩߢ㑆ὐ࿾ฦ߽࡞ࠗࠔࡈࡠࡊ⋥㋦ߩ⾰‛ቇൻࠆ
޿߅ߦᢙሶ☸ߚߒ᷹⸘ߢⓥ⎇ᧄ㧘߇ࠆࠇࠄ⷗߇ଥ㑐
ߩᶏᧄᣣ㧘ߦ߁ࠃߩߎޕߚࠇࠄᓧ߇ᨐ⚿ߩ᭽ห߽ߡ
౒ߣ႙᳇㧘ߡߞ߆ะߦ㒽ౝߚࠇ㔌mk 051 ࠄ߆✢ጯᶏ
 ޕߚ߃߇߆߁߇ሶ᭽ࠆ޿ߡߒᵹ⒖߇ሶ☸ߦ
ߩࠄࠇߎ㧘ߪߢ㍳⸥ߩᣣ᷹ⷰ⍾㤛ࠆࠃߦ]21[ᐡ⽎᳇ 
㨪౻ೋᐕ3002㧔㑆ᦼࠆࠇࠄ߃⠨ߣߚࠇߐᚑᒻ߇㔐Ⓧ
߆ⷓ㇊ߦᣣ92㨪62 ᦬2 ᐕ4002㧘ߪߦ㧕ᤐᣧᐕ4002
㨪11 ᦬3 ᐕ4002㧘ߢὐ࿾8 ᧄᣣ⷏ߩߡߌ߆ߦᩮᒾࠄ
ว㧘ߢὐ࿾ 33 ࿖ోߩߡߌ߆ߦᎹᣩࠄ߆ፉᓼߦᣣ 71
2ޕߚࠇߐ᷹ⷰ߇࠻ࡦࡌࠗ᧪㘧⍾㤛ࠆߚࠊߦ࿁ 2 ⸘
⍾㤛ߩࠄࠇߎ㧘ߪߦ㔐Ⓧߩጊ₺කߚߒขណߦᣣ11 ᦬
ਛ4 .giF㧘߇ࠆࠇࠄ⷗ߣ޿ߥ޿ߡࠇߐ㍳⸥ߪ࠻ࡦࡌࠗ
⷏ψㄭઃmc 003 ߩጊၴ೰㊄㧔ශ⍫ߚߒ␜ߢޠaޟߦ
 46 ፄࡩ㔵ψㄭઃmc 08 ጊ⋓㋬ψㄭઃmc 002 ጪ㜞Ⓞ
㤛ߩᣣ92㨪62 ᦬2 ߪ㧕ㄭઃmc 56 ጪࡩ౎ψㄭઃmc
ޕࠆࠇࠄ߃⠨ߣ㧕⟲㧔ࠢ࡯ࡇࠆߔᔕኻߦ࠻ࡦࡌࠗ⍾
ࠄ߆ጪ㜞Ⓞ⷏㧔ශ⍫ߚߒ␜ߢޠbޟߦਛ4 .giF㧘ߚ߹
ߌ߆ߦᣣ71㨪11 ᦬3 ߪ㧕ㄭઃ㕙⴫ߩߡߌ߆ߦጪࡩ౎
ࠄ߃⠨ߣ㧕⟲㧔ࠢ࡯ࡇࠆߔᔕኻߦ࠻ࡦࡌࠗ⍾㤛ߩߡ
ኻߦ᷹ⷰⷞ⋡⍾㤛ߩߢߤߥบ⽎᳇㧘ߚߒ߁ߎޕࠆࠇ
ਛ㔐Ⓧ㧘߽ߦᄖએ㧕⟲㧔ࠢ࡯ࡇࠆࠇࠄ߃⠨ߣࠆߔᔕ
ᚑᒻ߇ጀߩࠄࠇߎޕࠆߔ࿷ሽ߇ጀ޿ᄙ߇ᢙሶ☸ߪߦ
޿߅ߦᦼ౻෩ߩߡߌ߆ߦ᦬2㨪᦬21 ߁ࠈ޽ߢߚࠇߐ
ߪߦਛጀ㔐Ⓧ㧘ࠅ߅ߡߒ᧪㘧ߦⓨ਄ᧄᣣߪ⍾㤛߽ߡ
 ޕࠆࠇࠄ⷗ߣࠆ޿ߡࠇ߹฽߇ሶ☸ߩߘ
 
 ㊂⌕ᴉ✚ߩሶ☸
mP03㧔ᓘ☸ዊࠍ㊂⌕ᴉ✚ሶ☸ߩὐ࿾ฦ㧘ߦ1 elbaT 
ߒ␜ߡߌಽߦሶ☸ో࡮㧕਄એ mP03㧔ᓘ☸ᄢ࡮㧕ḩᧂ
ሶ☸ߣ㔌〒ߩࠄ߆ጯᶏߩᶏᧄᣣߪߦ5 .giF㧘ߚ߹ޕߚ
ᓘ☸ᄢ߮෸㧕ḩᧂ mP03㧔ᓘ☸ዊࠍଥ㑐ߩ㊂⌕ᴉ
ࠇߐㅍャࠄ߆㒽ᄢޕߚߒ␜ߡߌಽߦ㧕਄એ mP03㧔
ࠆࠇࠄ߃⠨ߣࠆ޽ߢಽᚑਥ߇⍾㤛ࠆࠇࠄ⷗ߣߚ߈ߡ
1887㧔ጊ₺ක޿ㄭ߽ᦨࠄ߆ᶏᧄᣣ㧘ߪሶ☸ߩᓘ☸ዊ
ᦨ㧘ߒടჇ߇㊂⌕ᴉߦ߽ߣߣ㔌〒ࠅࠃ㧕2m/୘ 601
 ᔕኻߩ࡞ࠗࠔࡈࡠࡊ⋥㋦ᢙሶ☸ߩ㑆ὐ࿾᷹ⷰ 4 .giF
ߒ␜ߢޠbޟ㧘ߚ߹ޕࠆࠇࠄ߃⠨ߣ㧕⟲㧔ࠢ࡯ࡇࠆߔᔕኻߦ࠻ࡦࡌࠗ⍾㤛ߩᣣ92㨪62 ᦬2 ᐕ4002 ߪශ⍫ߚߒ␜ߢޠaޟ 
 ޕࠆࠇࠄ߃⠨ߣ㧕⟲㧔ࠢ࡯ࡇࠆߔᔕኻߦ࠻ࡦࡌࠗ⍾㤛ߩߡߌ߆ߦᣣ71㨪11 ᦬3 ᐕ4002 ߪශ⍫ߚ
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߽ᮡ㜞ߩ㜞޿⷏Ⓞ㜞ጪߢߩᴉ⌕㊂߇ᦨᄙ㧔11367
106 ୘/m2㧕ߢ޽ߞߚޕർࠕ࡞ࡊࠬߩጊ⣂ࠍ⿧߃ߚ 3
࿾ὐߢߪ㧘ᣣᧄᶏ஥ߩ࿾ὐߣセߴߡᴉ⌕㊂߇ዋߥߊ㧘
ࡕࡦࠬ࡯ࡦ߇ർࠕ࡞ࡊࠬࠍ⿧߃ࠆ㓙ߦᄙߊߩ☸ሶ߇ 
㒠ਅߒ㧘☸ሶ߇ᄢ᳇ਛ߆ࠄ㒰෰ߐࠇߡ޿ࠆߎߣ߇⠨
߃ࠄࠇࠆޕ৻ᣇ㧘ᄢ☸ᓘߩ☸ሶߪ㋬⋓ጊ࡮㔵ࡩፄߢ
ߩ୯߇߿߿㜞޿߽ߩߩ㧘ో૕ࠍㅢߒߡ 20㨪90106
୘/m2⒟ᐲߩ▸࿐ߦ෼߹ߞߚޕ 



 ߅ࠊࠅߦ

 ߶߷หᤨᦼߦ㧘ᣣᧄᶏߦㄭ޿ක₺ጊ߆ࠄౝ㒽ߩ౎
ࡩጪߦ߆ߌߡ㧘6 ▎ᚲߩⓍ㔐ࠍ࿾㕙߆ࠄ㔐㕙߹ߢㅪ
⛯⊛ߦណขߒ㧘Ⓧ㔐ጀਛߩਇṁᕈ☸ሶᢙࠍ⸘᷹ߒߚޕ
࿾ὐ㑆ߢߩᲧセࠍⴕߞߚ⚿ᨐ㧘౻ቄߩਛㇱጊጪ࿾ၞ
ߢߩ‛⾰ャㅍߦߟ޿ߡએਅߩࠃ߁ߥ⍮⷗ࠍᓧߚޕ 
i. ᣣᧄᶏㄭߊ߆ࠄౝ㒽ߦ޿ߚࠆฦ࿾ߩⓍ㔐ߦ฽߹ࠇ
ࠆ☸ሶߩᄢㇱಽߪ 30Pmએਅߩ☸ᓘߢ޽ࠅ㧘ߘߩਛ
ߢ߽ 10Pm એਅߩ☸ᓘࠍᜬߟ߽ߩ߇ᄙߊࠍභ߼ߚޕ
☸ሶߩᄙߊߪᄢ㒽ࠃࠅ㘧᧪ߒߚ㤛⍾ߢ޽ࠆߣߺࠄࠇ㧘
㤛⍾߇ᄙߊ㘧᧪ߔࠆ᧦ઙਅߢᒻᚑߐࠇߚⓍ㔐ਛߩ☸
ሶᢙߪᭂᄢ୯ࠍߣࠆޕ 
 ii. ฦ࿾ὐߢߩ☸ሶᢙߩ㋦⋥ࡊࡠࡈࠔࠗ࡞ࠍᲧセߔ
ࠆߣ㧘ߘߩᄌേ௑ะߪฦ࿾ὐ㑆ߢ৻ቯߩኻᔕ㑐ଥ߇
ߺࠄࠇ㧘ᣣᧄᶏߩᶏጯ߆ࠄౝ㒽ߦ߆ߌߡᄢ᳇ߣߣ߽
ߦ☸ሶ߇⒖ᵹߒߡⴕߊ⁁ᴫ߇᣿ࠄ߆ߦߥߞߚޕർࠕ
࡞ࡊࠬࠍ⿧߃ߡャㅍߐࠇߚ☸ሶߪ㧘㑐᧲ᐔ㊁ߦ߽ㄭ
޿౎ࡩጪߦ߹ߢ೔㆐ߒߡ޿ߚޕ 
iii. ☸ᓘ 30Pmએਅߩ☸ሶᴉ⌕㊂ߪᶏጯ߆ࠄർࠕ࡞
ࡊࠬጊ⣂ߦ߆ߌߡჇടߒ㧘ർࠕ࡞ࡊࠬࠍ⿧߃ߚౝ㒽
ㇱߢߪᷫዋߒߚޕࡕࡦࠬ࡯ࡦ߇ർࠕ࡞ࡊࠬߩጊ⣂ࠍ
⿧߃ࠆߣ߈㧘ᄢ᳇ਛߩ☸ሶ߇㒰෰ߐࠇߥ߇ࠄᷫዋߒ
ߡ޿ߚߣ⠨߃ࠄࠇࠆޕ 
iv. ౝ㒽ߦ૏⟎ߔࠆ㋬⋓ጊ࡮⟤ࡩේ࡮౎ࡩጪߢߪ㧘
๟ㄝߩ࿾ၞ߆ࠄㄭ〒㔌ャㅍߐࠇߡ߈ߚߣ⠨߃ࠄࠇ
ࠆ☸ᓘ 30Pm એ਄ߩ☸ሶ߇ᣣᧄᶏ஥ߩ࿾ὐࠃࠅ߽
ᄙߊᴉ⌕ߒߡ޿ߚޕ 
 એ਄ߩࠃ߁ߦ㧘ਛㇱጊጪ࿾ၞߩᐢ▸࿐ߥⓍ㔐⺞ᩏ
ࠍㅢߓߡⓍ㔐ߦ฽߹ࠇࠆ☸ሶߩಽᏓ⁁ᴫߩ৻┵߇᣿
ࠄ߆ߣߥࠅ㧘౻ቄߩᣣᧄ๟ㄝߦ߅ߌࠆࠕࠫࠕᄢ㒽߆
ࠄߩ‛⾰ャㅍ࡮ᴉ⌕⁁ᴫࠍ⸃᣿ߔࠆ਄ߢߩᚻ߇߆ࠅ
ߣߥߞߚޕ 
 ᣣᧄᶏࠍ᜽ࠎߛ᧲ࠕࠫࠕ࿾ၞߢߪᕆㅦߥ⚻ᷣ⊒ዷ
߇⛯޿ߡ߅ࠅ㧘ߎࠇࠄߩ࿾ၞ߆ࠄߩ޿ࠊࠁࠆ⿧Ⴚᳪ
ᨴߩേะߪ੹ᓟߣ߽ᵈⷞߒߡ޿ߊᔅⷐ߇޽ࠆޕ౻ቄ
ߩᣣᧄ਄ⓨࠍャㅍߐࠇࠆ‛⾰ߦߟ޿ߡ㧘ߐ߹ߑ߹ߥ
ᖱႎࠍ⸥㍳ߒߡ޿ࠆጊጪ࿾ၞߩⓍ㔐ߦߪ㧘ߎ߁ߒߚ
⻉໧㗴ࠍ⸃᳿ߔࠆߚ߼ߦᔅⷐߥ࠺࡯࠲߇฽߹ࠇߡ޿
ࠆޕߎࠇߪනߦጊጪ࿾ၞߩⅣႺࠍ⸃᣿ߔࠆߣ޿߁ߎ
ߣߦߣߤ߹ࠄߕ㧘ࠕࠫࠕᄢ㒽߆ࠄᣣᧄᶏࠍ⿧߃ߡߤ
ߩࠃ߁ߦ‛⾰߇ャㅍߐࠇߡ޿ࠆߩ߆ߣ޿߁㧘ᣣᧄᶏ
ࠍขࠅᏎߊⅣႺࠍ᣿ࠄ߆ߦߒߡⴕߊ਄ߢߩၮ␆࠺࡯
࠲ߣߥࠆߢ޽ࠈ߁ޕ

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⷏Ⓞ㜞ጪ䎃 䎔䎓䎓䎃 䎃 䎔䎔䎖䎙䎚䎃 䎃 䎖䎔䎃 䎔䎔䎖䎜䎛䎃
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౎䮽ጪ䎃 䎔䎙䎕䎃 䎃 䎕䎓䎛䎜䎃 䎃 䎕䎖䎃 䎕䎔䎔䎕䎃
Fig. 5 ᶏጯ߆ࠄߩ〒㔌ߣ☸ሶᴉ⌕㊂ߩ㑐ଥ
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